The objective of this study was to estimate the genetic variability , heritability , genotypic and phenotypic coefficients of variations , genetic advance , range , genotypic and phenotypic variances and to study the genetic divergence by using multivariate analysis for yield and yield components in forty selected lines of pearl millet during 2012 and 2013 summer seasons at Sakha Agriculture Research Station . Analysis of variance manifested highly significant differences among all selected lines for all the studied traits. The phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of variation (GCV). Heritability in broad sense ranged from 11.12%for fresh leaf/ stem ratio to 86.87% for stem diameter. High estimates of bread sense heritability were found in all the studied traits, except dry matter and fresh leaf/stem ratio which, were medium and low, respectably.
INTRODUCTION
Pearl millet was originated in Africa and it is commonly grown in the arid and semi-arid regions. It is particularly adapted to nutrient poor soil and low rainfall condition. Pearl millet is one of the efficient crops for these types of regions because of its high utilization of soil moisture and level of heat tolerant than sorghum and pearl millet (Shah et al., 2012) . The green fodder of pear millet is more palatable because it does not have HCN content as that of sorghum.
In Egypt, pearl millet is considered an important summer forage crops. Genetic variability for agronomic traits is the key components of breeding program for broadening the gene pool of crops. However, the genetic variability for maize traits is limited in cultivated germplasm (Sumathet al., 2010) . Genetic variation among selected lines is of vital importance to breeding programmes that aim to produce improved cultivars for marginal growing environments (Yadav et al., 2001) . In these studies, heritability estimates of quantitative traits play an important role in expressing the reliability of variance value as a selection guideline to plant breeder during the succeeding generations. Heritability along with genetic advancement would be jointly considered an important tool to arrive to reliable conclusion (Johnson et al., 1955) . Therefore, it becomes necessary to partition the observed variability, into its heritable and non-heritable components to understand the genetic parameters such as genetic coefficient of variation, heritability and genetic advancement. Earlier studies by Chand et al. (2008) , Larik et al. (2000) , Vidya et al. (2002) indicated that genetic improvement of crops for quantitative traits requires reliable estimates of genetic variability, heritability and genetic advancement for traits such as grain yield, plant height, stem diameter. The success of any breeding method depends on the availability of genetic diversity in the accessions which would be utilized as parents in the hybridization programs to produce superior hybrids. Therefore, there is a need to evaluate the available genotypes for their genetic diversity. Hierarchical cluster analysis highlights the nature of relationship between any type of samples described by any type of descriptors. This could serve as a basis for selection of parental types which produce superior hybrids (Sathya et al., 2013 and Ogumbayo et al., 2005) . The objectives were to: estimate variability, heritability, genetic advance, genotypic and phenotypic coefficient of variation and analyze the genetic diversity among pearl millet genotypes for yield and its components in a set of selected genotypes and popular cultivar in pear millet.
MATERIALS AND METHODS
The genetic materials for this study were consisted of 40 selected genotypes of pear millet. They were selected from commercial cultivars during the four successive seasons of 2008, 2009, 2010 and 2011. The study was conducted at Sakha Agriculture Research Station during 2012 and 2013 summer seasons. A randomized complete block design was used with three replications. Genotype was grown in one row three m in length. The distance between rows and between hills were 0.60 and 0.30 m, respectively.
All recommended agriculture practices were applied at the optimum levels for maximum productivity. Three cuts were taken offer 50, 90 and 120 days from sowing in both seasons. The data were recorded on total fresh and dry forage yield in kg/plot, plant height in centimeter, stem diameter in centimeter, fresh leaf to stem ratio, number of tillers/plant and dry matter. The agronomic traits were calculated as average over all cuts per season. A combined analysis of variances over the two seasons were carried out according to Snedecor and Cochran (1989) using SPSS computer program (1995) . Before combined analysis, homogeneity test of variance was computed by Bartlet's test 1937. Genoptypic and phenotypic ( 2 g and  2 p) variances according to Al-Jibouri et al. (1958) . The phenotypic and genotypic coefficients of variability (PCV and GCV) were computed according to the method suggested by Burton (1952) . Heritability in broad sense estimates (h 2 b ) and genetic advance (G a ) as percent of means were categorized as suggested by Johnson et al. (1955) . A multivariate technique was conducted using the principal component analysis according to Hair et al. (1987) . This analysis was calculated from a matrix based on correlation between the contributed traits for all genotypes. The principal components (PC) associated with all genotypes were expressed as Eigen value and manifested Eigen vector for all the studied traits in each PC axis. The array of communality, the amount of the variance of a variable accounted, by the common factor together, was estimated by the highest correlation coefficient in each array. The dissimilarity coefficients among pear millet genotypes were estimated according to Johnson and Wichern (1988) . Hierarchical clustering was then carried out using word's minimum variance methods, which minimize within cluster sum of square across all partitions. Results from principal components analysis and cluster analysis were presented in graphical and dendrogram presentation. These computation were performed using SPSS procedure.
RESULTS AND DISCUSSION
The combined analysis of variance for all the studied traits are presented in Table ( 1) years mean squares for all the studied traits were highly significant, except stem diameter and number of tillers /plant. Genotypes mean squares were highly significant for all the studied traits in both years indicating the wide diversity between the parental materials used in the present study. No significant interaction between G x Y was found, this indicates that the genotypes were not affected by years. Total fresh forage yield (TFFY), stem diameter (SD), number of tillers (No. T), plant height (PH), dry matter (DM), fresh leaf/stem ratio (L/S%) and total dry forage yield (TDFY) across three cuts and over two seasons were calculated and presented in Table ( 2). The results indicated that for total fresh forage yield the selected genotypes No.30 had the highest mean value and the genotypes. No. 3 had the lowest value with mean values of 15.90 kg/plot and 8.77 kg/plot, respectively. The highest mean for stem diameter was the selected genotype No.25 with the mean value of 1.80 cm and the lowest mean value was 1.21 cm of the selected genotype No. 23.
For number of tillers, the results cleared that the highest mean value was 9.87 for the selected genotype number 11 but, the lowest mean value was for the selected genotype number 38 with the mean value of 6.59. Also, the results illustrated that for plant height, the selected genotype No.34 had the highest mean value and the selected genotype No. 3 had the lowest mean value of 149.51 and 127.21 cm, respectively. For dry matter, the results cleared that, the highest mean value was 14.59 for the selected genotype Number 38 and the lowest mean value was 13.69 for the selected genotype Number 1.
For fresh leaf/stem ratio, the genotype Number 31 had the highest mean value while the lowest mean value was for the selected genotype Number 6 by 42.72 and 40.53, respectively. For total dry forage yield, the results indicated that the selected genotype Number 30 had the highest mean value 2.24 kg per plot but the selected genotype number 3 had the lowest mean value for this trait with the mean value 1.21 kg per plot.
Range, grand mean (X), , genotypic, phenotypic variance ( 2 g and  2 P), genotypic and phenotypic coefficient of variations (GCV and PCV), heritability in broad sense (h 2 b ), genetic advance as percentage of mean (G.a%) and environmental variation (En.V) over the two years for the studied traits were calculated and are presented in Table 3 . Total fresh forage yield ranged from 8.77 kg/plot (genotype No. 3) to 15.90 kg/plot (genotype No. 30) with an a average value of 11.17 kg/plot; Stem diameter ranged from 1.21 cm for the genotype No. 23 to 1.80 cm for genotypes No. 25 with an average value 1.36 cm. For the number of tillers ranged from 6.59 for genotype No. 38 to 9.87 for the selected genotype No. 11 with an average value 8.49 tillers. The phenotypic coefficient of variation (PCV) was higher than the genotypic coefficient of variation (GCV). Considerable consistency of values was observed between PCV and GCV percentage for all the studied traits. The differences among GCV and PCV were narrow suggesting the presence of effects for environments appeared in the genotypes x year's interaction. These results are in agreement with many authors among them: Sumathi et al. (2010) , Yadav et al. (2001) , Lakshmana et al. (2009 ), Govindaraj et al. (2011 , Subi and Idris (2013) and Salih et al. (2014) .
The heritability in broad sense ranged from 11.12% for fresh leaf/stem ratio (L/S) to 86.87% for stem diameter. High heritability indicated that the traits were less affected by environments and largely influenced by the additive gene action or/and non-additive gene action it present. The improvement of these traits would be achieved through the phenotypic selection if the magnitude of additive effects were more important. Similar results were obtain of by: Johnson et al. (1955) , and Subi and Idris. (2013) . Yadav et al. (2001) , Lakshmana et al. (2003) , Galeta et al. (2005) ,Ganpathy et al. (2011) .
The estimates of expected genetic advance (Ga%) indicated that the selection among these genotype, would be increased by 24.72% for total fresh forage yield (TFFY/P); 16.24% for stem diameter (SD); 15.95% for number of tillers; 6.07% for plant height; 17.26% for dry matter; 0.91% for fresh leaf/stem ratio (FL/S%) and 24.54% for total dry forage yield per plant (TDFY). These results were very close to those obtained indicated by Yadav et al. (2001) , Vetriventhan and Nirmalakumar (2007) , Lakshmana et al. (2009 ), Sumathi et al. (2010 , Govindaraj et al. (2011) and Salih et al. (2014) .
Principal component analysis (PCA):
Principle component analysis reflects the importance of the largest contributor to the total variation at each axis for differentiation (Sharma, 1998) . This analysis seemed to elucidate patterns of variation in agronomic attributes which are of economic importance and obtain initial factor solution using eigen values. These values could measure the explained variance associated with each vector, trait.Two principal components of (PCs) whose eigen values were greater than one were significant and accounted for about 59.627% of total variation of all traits as presented in Table 4 .
The first PC explained about 41.779% of total variation with highest eigen value of 2.925 and the second PC explained 59.627% with eigen value of 1.249 and these two PCs contributed more to the total variation.
According to Chahal and Gosal, 2002 , traits with largest absolute values closer to unity within the first principal component influence the clustering more than those with lower absolute values closer to zero.
In this study, differentiation of the association into different cluster was observed because of the cumulative effect of a large number of traits rather than the contribution of specific few traits. Traits having relatively higher value in the first principal component (PC1) like total fresh forage yield (TFFY), number of tillers (No.T), plant height (Ph) and total dry forage yield (TDFY) showed more contribution to the total variation and they also differentiated the cluster. The second principal component was principally affected by stem diameter (SD), dry matter (Dm) and fresh leaf/stem ratio as seen in Table 4 and Figure 1 .The present study confirmed that pear millet genotypes showed wide amount of variations for the studied traits and suggest ample opportunities for its genetic improvement. . These traits would be used to screen different genotypes in breeding programs. In this was in agreement with these of Shah et al. (2012) , Ogumbayo et al. (2005) and Sathya et al. (2013) presented similar results. 
Fig.1 :Loading of seven traits contributed in yield and yield components

Cluster analysis:
The forty selected genotypes of pearl millet evaluated in this study were grouped in to eight clusters by using hierarchical cluster analysis on basis of dissimilarity among the genotypes and the contribution of the evaluated traits as seen in Table 5 and Figure 2 . Table 5 cleared the Euclidean distances among the forty selected genotypes of pear millet while Figure 2 showed the shape of clustering. 1, 2, 4, 5, 7, 24 and genotypes No. 25; cluster No. 2 was the largest and consists of 9 selected genotypes i.e. genotypes No. 9, 13, 19, 20, 21, 28, 35, 37 and 39, while, the cluster No.3 contain 4 genotypes i.e. No. 3, 31, 38 and 40.
Three selected genotypes were in cluster No.4 and, i.e. No. 10, 33 and 36 in the cluster No. 4, but the cluster No.5 is consisting of 5 selected genotypes, which were No. 6, 15, 18, 29 and 30. The cluster No.6 contained only one genotype and it is No. 34.
The cluster No. 7 consisted of three selected genotypes of pear miller i.e. No. 16, 26, and No. 32 . Finally, the cluster No. 8 contained seven selected genotypes of pear millet which were No. 8, 11, 12, 14, 17, 22, 23 and 27. similer results were obtained by other authors among them Ogumbyo et al. (2005) ; Shah et al. (2012) , and Sathya et al. (2013) .
The inter cluster distances among eight cluster calculated and presented in Table 6 . The results cleared that, the highest distance was between cluster No. 6 and cluster No. 3 with the mean distance of 20.784. Also, the distance between cluster No. 6 and No. 2, cluster No. 4 and No. 3 and cluster No. 8 and cluster No. 5 were 14.101, 14.609 and 17.779 , respectively. On the other hand, the lowest, genetic distance was founed between cluster No. 2 and cluster No. 1 with the mean distance value of 2.716. 
